Design Calculations A high-efficiency free electron laser oscillator experiment is being constructed at Los Alamos National Laboratory. A buncher system has been designed to deliver 30-ps, 5-nC electron bunches to a 20-MeV standing-wave linac at the 60th subharmonic of the 1300-MHz accelerator frequency. The first 108.3-MHz buncher cavity accepts a 5-ns, 5-A peak current pulse from a triode gun. Following a 120-cm drift space, a second 108.3-MHz cavity is used, primarily to enhance the bunching of the trailing half of the bunch. A 1300-MHz cavity with 20-cm drift spaces at each end completes the beamline components.
Introduction
The experimental conditions of the free electron laser oscillator experiment at Los Alamos require a single optical bunch in the 7-m-long resonator. Therefore, the repetition rate of the electron beam bunches must be %20 MHz. A pulse train up to 100 ps long is provided to allow time for an oscillation to grow from noise to saturation. The electron bunches in the wiggler must be 30 ps long and contain at least 3 nC of charge. Accordingly, the injector is designed to deliver 5 nC per bunch to the linac.
A Litton triode gun with a grid pulser and a postaccelerator was designed to deliver a peak current of over 5 A at 80 keV, with a base width of 5 ns.
The computed normalized transverse emittancel is %257T mm-mrad. Tapered OFHC copper apertures are provided to spatially filter the gun emittance, if necessary, to achieve the required emittance of hrr mm-mrad at 20 MeV in the wiggler.
Choice of Subharmonic Frequency
The length Q of the optical cavity is constrained for various reasons to lie between 4 and 8 m and is related to the gun-pulse frequency fgun by Q = 150 f ,I , where Q is in meters and f is in megagun hertz. The gun-pulse width must be shorter than a half-period of the first subharmonic buncher-cavity field; therefore, f-i > 2 times the gun-pulse width.
Finally, the gun-pulse frequency and the subharmonic buncher frequency must be harmonically related to the linac frequency, 1300 MHz, and to each other. Hence, fshb = 1300/n, f gun = 1300/m, and m/n = k, where k, mi, and n are integers. A lower limit on fshb is imposed to minimize the size of the buncher cavities, which are located within the central boreholes of several solenoid magnets.
The chosen parameters are n = 12, m = 60, and = 6.92 m.
For n < 12, the rf period is too short; for n < 13, the cavities are too large; and for m > 60, the optical cavity is too large. Fig. 1 . The total charge injected into the first subharmonic buncher was 20 nC. In Fig. 1 , the total charge in the central peak, 34 ps wide, is 13 nC. In the energy spectrum, the peak, which is 160 keV wide, contains 9 nC. (MHz) (kV) 2 3 108.33 108.33 1300 Buncher Cavity Design
The three buncher cavities are of the coaxial resonator type. In the 108.33-MHz cavities, the overall dimensions were reduced by placing disks on the ends of the inner members of the coaxial structure to provide capacitive loading. Details of the design were established with the aid of the SUPERFISH code. The measured Qs were 7900 and 8400 for the 108.33-and 1300-MHz cavities, respectively.
The cavities are provided with tuning plungers mounted on micrometer actuators with bellows vacuum seals. The tuning ranges available are 0.7 and 0.6% for the 108.33-and 1300-MHz cavities, respectively. Each buncher cavity is provided with a water-cooling coil to stabilize the temperature. A second set of steering coils, a valve, and a retractable fluorescent screen are located between the two subharmonic-frequency cavities. Located before and after the set of buncher cavities are two broadband wall-current monitors of the type used in the injector for the proposed SLAC Linear Collider.
A graded set of three beam-limiting apertures is provided in the space between the two thin lenses.
The apertures are tapered with a 100 half-angle in a 5-cm-thick block of OFHC copper. Tapered apertures located near dispenser cathodes have been shown6 to eliminate poisoning of the cathodes caused by metal atoms sputtered upon impact of negative oxygen ions emitted from the cathode.7 The aperture diameters are 4, 6, and 8 mm; a fourth position of the aperture frame presents no obstruction to the beam.
Status
All components of the injector for the Los Alamos free electron laser oscillator experiment have been received and are being installed. The magnetic axes of the large solenoids are being located with a transverse Hall probe. As each buncher cavity and its associated solenoids are installed, bunch width measurements are made with a wall-current monitor and a wide-band current transformer. Emittance measurements are made with a pepper-pot device. Beamlets formed by a tantalum plate drilled with a pattern of 0.13-mmdiam holes are observed on a fluorescent screen after drifting up to 30 cm.
